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The  biochemical  basis  of  beetle  iuminesce.nce  is  unre;ared  evciuticnarily 
to  ocher  bioiumincscent  systems  that  have  been  characterised  at  a  mciecuiar 
Level,  such  as  of  marine  invertebrates  tc.g.,,-i;.7Mor»,e  or  Vcirpda'.  or  bacteria. 
To  advance  the  srudy  of  the  beetle  system.  cDN'As  coding  several  luciferases 
have  been  cloned  and  expressed  '\v.Escli6r’.z',:ia.  :oii.  Ceils  exoressing  the  cDN*.\ 
clones  can  be  induced  for  luminescence  when  the  substrate,  luciferin,  is 
suooiied  to  the  ^rc^vth  mediu.m.  The  ohvsicai  and  enovm.aeic  oroccrtics  of 
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the  beetle  luciferases  synthesized  inr.  coii  -.vcrc  round  to  be  essentially  identical 
with  native  enzymes  erttracted  from  beetle  light  organs.  This  equivalence  of 
enzyme  derived  from  native  and  rcccmcinant  sources  indicates  that  beetle 
luciferases  arc  homomcric  enzymes  without  substantial  covalent  modirlcaticn 
of  the  primary-  translation  product  (c.g..  protcoi\Tic  cleavages  or  glycosyla- 
cions).  The  most  characterized  of  the  beetle  luciferases  has  been  that  of  the 
common  North  j.'\mcrican  firefly,  Photinus  pyraiis.  A  cDNA  coding  this 
luciferase  was  the  first  to  be  cloned,  and  can  be  expressed  in  £.  coii  at  roughly 
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100  rr.g  of  funcrior.ai  snz’.'ms  per  licer  cr  cuitore.  Si'-bsepuenc.y,  sever:.. 
cDNA's  coding  lucifer.'ises  from  :he  vcr.crat  dshc  org.in  or  a  c.'opical 
beetle,  p-rrophorus  piapjiophzimicnnzis,  were  siniibriy  cloned  and  c.xpresseo. 
These  clones  are  of  four  n-pes,  disting'-iished  by  the  colors  of  luminescence 
±ey  elicit;  2:rcen,  vellow-green,  yellow,  and  orange.  Color  variation  among 
specimens  is  a  unique  property/  of  this  beetle  species.  The  colors  likely  are 
derived  from  alleles  that  have  evolved  in  their  spectral  order,  from  green  to 
oranse.  The  amino  ac;d  sequences  of  the  cock  beetle  lucirerases  are  hignlv 
similar  amon^  themselves,  ranging  from  96  to  99%  identical,  i  he  amino  acids 
that  determine  the  different  colors  arc  tew  and  act  independently,  me 
scaucnces  of  dick  beetle  luciferascs  comoared  with  the  firefly  luciferase  reveal 
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oniv  48%  identirv.  Substantial  differences  arc  also  evident  in  their  en- 
zvmological  properties.  Simiiarir/  has  ceen  round  betw^een  tne  sequences  of 
the  beetle  luciferascs  and  a  plant  enz^Tne,  4-coumaratc:CoA  ligasc.  Com¬ 
parison  of  the  cnzvmatic  activities  of  these  enzt.mics  show  that  the  evolutionar;.' 
ancestors  of  beetle  luciferascs  were  coenzyme  A  ligascs;  the  c>q'’gcnase  activirv 
was  a  more  recent  acquisition. 
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